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Sunﬂower oilAbstract Diet related diseases are increasing at an alarming rate all over the world. Restriction in
dietary saturated fat intake is one of the major components in healthy diet as a mean of preventing
cardiovascular and other associated diseases. Ghee is one of the high saturated fat types (around
60% saturated fat) which is consumed along with many Asian traditional foods. As a model food,
halwa, a traditional confection in Oman, which is popular in domestic and many other gulf coun-
tries is modiﬁed by replacing ghee with healthy vegetable oils and tested for their acceptability.
Three types of halwa, olive oil halwa, sunﬂower oil halwa and ghee halwa (control) were produced
in a commercial production facility and their textural and sensorial attributes were determined. In
instrumental texture proﬁles, there were no signiﬁcant differences in cohesiveness, springiness,
chewiness and gumminess between olive oil, sunﬂower oil and ghee halwa samples. The hardness
of olive oil halwa was the highest and sunﬂower oil halwa was the lowest among three tested sam-
ples. In sensory evaluation of developed halwa products, there was no signiﬁcant difference in the
overall acceptability between ghee and sunﬂower oil halwa. In blind sensory test, 60% of females
and 80% of males selected sunﬂower oil halwa, and only 10% of females and 10% males selected
olive oil halwa as their ﬁrst choice of preferences. But in informed sensory test, the selection of olive
oil halwa as the ﬁrst choice was increased to 55% in females and 30% in males. About 80% of the
panelists in informed sensory test were ready to accept non-ghee halwa the way it was prepared or
with product improvement. There are opportunities to modify traditional foods which are rich in
saturated fat by replacing with healthy oils, and to educate the people about the health beneﬁts
of these modiﬁcations.
ª 2013 Production and hosting by Elsevier B.V. on behalf of University of Bahrain.1. Introduction
In many traditional Asian foods, including regular snacks and
meals, ghee is added abundantly to improve the taste, ﬂavor,
and aroma. Ghee lipids contain both saturated fat and choles-
terol (Nath and Ramamurthy, 1988). The saturated fat content
Table 1 Fatty acid proﬁles (%) of ghee, olive and sunﬂower
oils.
Ghee Olive oil Sunﬂower oil
12:0 3.0
14:0 10.8
16:0 35.0 10.7 10.4
18:0 9.8 3.7 3.7
18:1 32.8 76.2 21.1
18:2 2.9 6.8 55.7
18:3 0.7 7.6
R Monounsaturated fat 32.8 76.2 21.1
R Polyunsaturated fat 2.9 7.5 63.3
R Saturated fat 58.6 14.4 14.1
(Source: Al-Khalifah and Al-Kahtani, 1993; Quere and Sebedio,
1996).
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Higher intake of dietary saturated fat and cholesterol increases
the risk of cardiovascular diseases, obesity and diabetes
(American Heart Association, 1986; National Cholesterol
Education Program, 1988; Muguerza et al., 2002). The World
Health Organization advises to consume less than 10% of en-
ergy from saturated fat due to its health effects (World Health
Organization, 2002; Nishida et al., 2004). The United States
Department of Agriculture (USDA) insists to restrict the daily
intake of saturated fat to 20 mg. The American Heart Associ-
ation recommends restricting the intake of saturated fat within
7% of the total calorie consumption (American Heart Associ-
ation, 2011). The Omani guide to healthy eating suggests
choosing oils that contain less than 2 g of saturated fat per
tablespoon (The Omani Guide to Healthy eating, 2009).
In spite of all these recommendations, the consumption of
dietary saturated fat through ghee and other sources of oil is
high in several regions of Asia (The Omani Guide to Healthy
eating, 2009; Dietary Guidelines for Indians, 2003). Therefore
reduction of saturated fat intake will be highly beneﬁcial to re-
duce the risk of many related diseases. Instead of educating the
people to avoid eating foods which are rich in saturated fat, it
will be more practical to modify the traditional food with
healthy oil. While developing such products, the acceptability
of the modiﬁed food should be comparable with the original
product. In this study, as model food, halwa, a traditional
Asian food which is rich in saturated fat is modiﬁed by replac-
ing ghee with healthy vegetable oils and the textural and sen-
sory attributes were investigated.
Omani halwa is a popular confection in the Gulf countries
as a symbol of traditional Oman hospitality. The common
ingredients of this halwa are starch, egg, sugar, water, ghee,
saffron, cardamom, nuts, and rose water (Ministry of Informa-
tion, 2002). Around 10–15% of ghee (by weight) is added in
halwa preparation to improve the keeping quality, and obtain
multiple sensory perceptions such as aroma, and pleasant,
enjoyable and lingering taste in the mouth.
The halwa is consumed regularly, and the quantity of intake
varies based on the occasion. In special occasions, halwa con-
sumption per person could reach even 500 g per day. In a 2000
calorie diet, the general recommendation for total fat intake is
65 g, and the maximum saturated fat intake is 20 g (USDA,
2005).While consuming 500 g halwa/day, the total fat consump-
tion is 75 g (500 g · 15% ghee in halwa) and saturated fat con-
sumption is 45 g (75 · 60% of saturated fat in ghee). In both
cases, the daily limit is exceeded from the consumption of halwa
alone. Therefore, reducing the total fat and saturated fat content
in halwa will have a greater impact on health of the regular con-
sumers of this product. Replacing saturated fats in diet with
unsaturated fats is a safe, proven, and delicious way to cut the
rates of heart diseases (Willett and Skerrett, 2005).
Olive and sunﬂower oils contain higher amount of unsatu-
rated fat and lower amount of saturated fat (Table 1). Unsat-
urated fats (mono and poly) lower bad cholesterol (LDL) and
raise the good cholesterol (HDL). They can also ease inﬂam-
mation, stabilize heart rhythms and play a number of other
beneﬁcial roles in human health. Olive oil contains 56–87%
of monounsaturated fatty acid, 8–25% of saturated fatty acids
and 8–22% of polyunsaturated fatty acids (International Olive
Oil Council, 1984; Koutsopoulos et al., 2008). The consump-
tion of olive oil might be linked to reduced risk of heart dis-
eases and some cancers (Kayaardi and Gok, 2004).Healthy vegetable oils such as olive and sunﬂower oils have
been widely used to substitute animal fat in meat products
(Muguerza et al., 2002; Yilmaz et al., 2002; Severini et al.,
2003). However, the research on fat content or fat type in hal-
wa is not available. The selection and acceptance of a new
product, especially a product with modiﬁed formulation of
the existing product, by a consumer depend on many factors
including sensory attributes and it should be comparable with
the traditional product (Shepherd and Sparks, 1989). The
objectives of this study were: 1. To determine the instrumental
textural attributes of Omani halwa with olive and sunﬂower
oils 2. To determine the sensory qualities and acceptability
of Omani halwa with olive and sunﬂower oils.
2. Materials and methods
2.1. Halwa preparation
The Omani halwa was prepared at the Barka Factory for
Omani Sweets, the largest halwa company in Oman. Each
company has their own formula for preparation, and protocols
are kept conﬁdential. The ingredients used to make the prod-
ucts in this study were: sugar (6 kg), water (175 l), saffron pow-
der (16 g), cardamom powder (30 g), corn starch (2 kg), rose
water (3 l) and oil (2 kg). Each batch produced approximately
20 kg of ﬁnished product (halwa). The approximate total prep-
aration time was 2 h. Three products were prepared using same
protocols and ingredients except types of fat. The fats used
were: 1. Ghee (control) 2. Olive oil and 3. Sunﬂower oil. The
products were kept at room temperature (22 C) for 24 h and
then texture and sensory studies were conducted.
2.2. Textural attributes
2.2.1. Texture evaluation
A texture analyzer (Model TA XT2i, Stable Micro Systems,
Surrey, England) was used to measure the force–time curve
using the two-cycle compression test (Bourne, 1978; Friedman
et al., 1963; Rahman and Al-Farsi, 2005). A plate (diameter
7.5 cm) compressed the halwa cube (10 mm · 10 mm · 10 mm)
placed on a mounted ﬁxed table. The load cell was calibrated
with a 5 kg weight. The equipment was set to zero automati-
cally lowering the plate until the bottom surface of the plate
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crosshead was allowed to descend at the rate of 2 mm/s to a
total deformation 3 mm (70% compression). When the com-
pression stroke was completed, plunger abruptly reversed its
direction and started upward stroke at 5 mm/s. Then a second
(down and up) cycle was run on the same sample. All opera-
tions were automatically controlled by the Texture Analyzer.
The compression depth was held constant at 3 mm in all exper-
iments. The instrument automatically recorded the force–dis-
placement or force–time curve. The experiment was
replicated 5 times in each oil type. The following attributes
were determined from the force–time curve as explained by
Rahman and Al-Farsi (2005): hardness, adhesiveness, springi-
ness, cohesiveness, gumminess, and chewiness.
2.3. Sensory attributes
2.3.1. Evaluation sheet
A sensory evaluation sheet was designed and developed. In the
ﬁrst section, the demographic details (gender, age, educational
qualiﬁcation and native place) of the panelists were collected.
Then the hedonic sensory scale was explained (1- like extre-
mely, 2 – like very much, 3 – like moderately, 4 – like slightly,
5 – neither like nor dislike, 6 – dislike slightly, 7 – dislike mod-
erately, 8 – dislike very much, 9 – dislike extremely). In the sec-
ond section, the panelists were asked to test 11 attributes of the
products and give a score using the hedonic scale. The attri-
butes were: appearance (color, visible oil), mouth feel and taste
(softness, chewiness, solubility, sweetness, desired taste, off-
taste), aroma (desired aroma, off-odor) and overall acceptabil-
ity. At the end of the second section, the panelists were asked
to write their comments about the product (optional).
In the last section of the sensory evaluation sheet, the pan-
elists were asked to select their ﬁrst choice among the given
products. In the blind sensory test, as the panelists were not gi-
ven the product details, they were given 3 product codes (A, B
or C) and asked to select one as their ﬁrst choice. But in the
informed sensory evaluation, the actual product names were
given to the panelists. Therefore, while selecting the ﬁrst
choice, in addition to the 3 products; two more options were
given to the panelists such as: ‘‘I like olive oil halwa but with
improvement in product preparation’’ and ‘‘I like sunﬂower oil
halwa but with improvement in product preparation’’. Thus
there were ﬁve options for the ﬁrst choice question in the in-
formed sensory test.
2.3.2. Panel and sensory
The untrained panelists were randomly selected from a pool
of undergraduate students at the Sultan Qaboos University
(n= 40). Two types of sensory tests (informed and blind)
were conducted in four batches (10 students in each batch;
total 20 males and 20 females). The panelists were within
the age range of 19 to 23. For blind sensory evaluation,
no product information was provided to the panelists, and
coded samples (A, B and C) were given whereas in the in-
formed sensory evaluation, the panelists were explained
about the ingredients of three products (oil focus) and facts
about the unhealthy effects of saturated fat and health ben-
eﬁts of unsaturated fat, before the test. The actual names
(Ghee halwa, Olive oil Halwa and sunﬂower oil halwa) were
given to the samples in informed sensory evaluation. Thisstudy was conducted at the ‘‘Sensory and Food Preparation
Laboratory’’ of the College of Agricultural and Marine Sci-
ences at the Sultan Qaboos University.
2.4. Data analysis
In each textural attribute, the differences within oil type were
tested at 95% conﬁdence interval (type I error, a= 0.05) by
the least signiﬁcant difference (LSD) method of comparison
of mean. Similarly for each sensory attribute, the effect of gen-
der, sensory type and oil type on product quality was studied
by analysis of variance (ANOVA) using 3 factorial design
models (2 sensory types (blind vs informed) · 2 gender (male
vs female), and 3 oil types (ghee · olive oil · sunﬂower oil))
with the general linear model (GLM) procedure. In all sensory
attributes, the differences within the levels under each variable
were tested at 95% conﬁdence interval (type I error, a= 0.05)
using the LSD method of comparison of means. All statistical
tests in this study were conducted using Statistical Analysis
System software (SAS, version 8.02, SAS Institute, Inc., Cary,
NC). Results are presented as mean values of replicates and
standard deviation (±SD).
3. Results and discussion
3.1. Textural attributes
Instrumental textural properties of modiﬁed and control hal-
wa samples are given in Fig. 1. The instrumental hardness of
the halwa made with three oils types ranged between 6.5 and
17.0 N. The halwa made with olive oil had the highest hard-
ness and sunﬂower oil had the lowest hardness. The effect of
oil change on hardness is dependent on the type of oil,
amount of replacement and product type. For example while
evaluating the effect of partial replacement of pork back fat
with olive oil in fermented sausages Muguerza et al. (2002)
determined that up to 20% replacement had no effect on
ﬁrmness. In another study Luruena-Martinez et al. (2004)
determined that olive oil addition produced a decrease in
hardness without affecting the overall acceptability of frank-
furters. Therefore increase or decrease of hardness and con-
sumer acceptability due to olive oil replacement might be
product speciﬁc.
Cohesiveness is the degree to which the sample deforms
(rather than ruptures) (Meilgaard et al., 2007). The cohesive-
ness of halwa samples was in the range of 0.29 to 0.58. There
were no signiﬁcant differences in cohesiveness between three
oil types.
Although chewiness ranged between 1.8 and 4.9 N-m dur-
ing different replications, it was not signiﬁcantly different be-
tween each oil types.
The springiness of the product is the rate of return to the
original shape after some deformation. It was in the range of
0.38 to 0.85 mm for three halwa samples, and not signiﬁcantly
different among them.
The gumminess of halwa samples ranged from 3.5 to 9.8 N,
however they were not signiﬁcantly different from each other.
The adhesiveness of the halwa samples varied from 4.8 to
21.6 N-m. There were no differences between sunﬂower oil
and ghee samples. But the adhesiveness of olive oil halwa
was signiﬁcantly lower than other two samples.
Figure 1 Textural properties of Omani-halwa with different oils (mean ± SD, n= 5). Hardness - force to attain a given deformation;
cohesiveness – degree to which sample deforms (rather than ruptures); chewiness – number of chews required masticate before swallowing;
springiness – rate of return to original shape after some deformation; guminess – being sticky and cohesive; adhesiveness – force required
to remove sample from a given surface (Prasert and Suwannaporn, 2009; Meilgaard et al., 2007)
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The mean scores for various sensory attributes of three halwa
types are shown in Table 2.
3.2.1. Appearance
3.2.1.1. Color. There was no difference between the type of sen-
sory test and genders on the likeness of the color of three halwaproducts. However, the likeness score for the color of sun-
ﬂower oil halwa was signiﬁcantly different from other two
samples (no difference between them). In Turkish soudjouk
(sucuk) while replacing 20%, 40% and 60% of beef fat with
olive oil, it was determined that sausages with 40% replace-
ment received high evaluation from the panel for appearance
and texture but no difference between samples in color and
general acceptability (Kayaardi and Gok, 2004).
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products was between ‘like moderately’ and ‘like slightly’ (3 to
4). There were no differences in visible oil perception between
sensory type, gender and oil type.
3.2.2. Taste and mouth feel
3.2.2.1. Softness. The softness score given by the panelists was
the highest for olive oil halwa (average score = 4.5) compared
to other products. There was no difference between the soft-
ness of sunﬂower oil and ghee products. This was in conﬁrma-
tion with the instrumental hardness results. In another study,
the ﬂexibility was increased in the sausages supplemented with
sunﬂower oil (Park et al., 1990). One of the panelists in our
study mentioned that ‘‘normally ghee halwa is microwaved be-
fore consumption to make it soft, whereas this sunﬂower oil
halwa has similar softness without microwaving’’. The sensory
test type and gender did not make any difference in the evalu-
ation of softness of halwa products.
3.2.2.2. Chewiness. The olive oil product was rated as hard to
chew (average score = 4.5) compared to other two products.
There were no differences in chewiness between the sunﬂower
oil and ghee products.
3.2.2.3. Solubility. The solubility of halwa products were liked
by female (average score = 3.2) more than male panelists
(average score = 4.0). Similarly olive oil halwa had less solu-
bility in mouth (4.7) than sunﬂower oil (3.1) and ghee (3.0)
products.
3.2.2.4. Sweetness. The olive oil halwa was less sweeter than
other two products, and there was no difference in sweetness
between sunﬂower and ghee products.
3.2.2.5. Desired taste. The taste is the gustatory perceptions
caused by soluble substances in the mouth. Sunﬂower oil
and ghee products had same desired taste (average
score = 3.2), however the olive oil product was least preferred
(average score = 4.4).
3.2.2.6. Off taste. There were no differences between oil types
in the perception of off taste attribute of halwa.
3.2.3. Aroma
3.2.3.1. Desired aroma. Aroma is the volatiles perceived by
the olfactory system from food and the amount of volatile
escaped is affected by the nature of product and tempera-
ture. More volatiles escaped from soft and porous surface
than hard and smooth surface (Meilgaard et al., 2007).
There was no difference in desired aroma between olive oil
and ghee, and ghee and sunﬂower oil products. But sun-
ﬂower oil based product has more desired aroma value than
olive oil sample.
3.2.3.2. Off odor. There were no differences between oil types
in the perception of off odor attribute of halwa.
3.2.3.3. Overall acceptability. Ghee and sunﬂower oil products
had equal and better overall acceptability than olive oil prod-
ucts. There were no differences in the overall acceptability be-
tween male and female panelists, and blind and informed
sensory types. In several products, sunﬂower and olive oil
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Figure 2 First choice chosen by panelists in blind and informed
sensory tests (n= 40 panelists).
66 A. Manickavasagan, J.N. Al-Sabahireplacements (partial or complete) have shown similar or high-
er acceptability than control. Low-fat sausage supplemented
with sunﬂower oil had the highest acceptability and no nega-
tive sensory characteristics (Yilmaz et al., 2002). Lopez-Lopez
et al. (2009) have proven that replacement of pork back fat
with olive oil in frankfurters produced acceptable characteris-
tics similar to control products. Muguerza et al. (2002) have
stated that low fat sausage with olive oil scored the highest
for odor and taste. While comparing fat spreads, it was deter-
mined that the olive oil based product had a similar hedonic
preference to that of the market dominant brand (Bower and
Saadat, 1998). The partial substitution of pork back fat with
olive oil in ‘salami’ products did not affect the physical and
sensory characteristics and shelf life of the product (Severini
et al., 2003).
3.2.4. Choice of preference
When the panelists were asked to select themost preferred prod-
uct as their ‘‘ﬁrst choice’’, in blind sensory evaluation, 80% of
males and 60% of females selected sunﬂower oil halwa
(Fig. 2). About 30% of female and 10% of male panelists se-
lected ghee as their ﬁrst choice, whereas only 10% of males
and 10% of females selected olive oil halwa as their ﬁrst choice.
The selection of a newproductmay also be determined by the
attitudinal differences especially between genders (Bower and
Saadat, 1998). Bowar and Saadat (1998) stated that blind sen-
sory evaluation alone cannot reﬂect the ‘real’ food selection
and acceptance, thus product label information must be pro-
vided in this type of studies. In our study, the selectionwas chan-
ged when the product information was given. Around 55%
females (vs. 10% in blind sensory) and 38% males (vs. 10% inblind sensory) selected developed olive oil halwa orwith product
improvement as their ﬁrst choice. In general, females have more
health awareness in terms of diet, an assumption would be that
they perceived certain products as being ‘healthy’ and it would
be expected that there would be a selective elevation of scores
based on health-related decision (Bower and Saadat, 1998). In
female groups, the labeled products scored higher, which was
attributed to a balance between sensory and possible health con-
cern based decisions (Bower and Saadat, 1998). In our study,
overall 45% of the panelists preferred sunﬂower oil or olive oil
halwa with product improvement. While educating and provid-
ing product information, panelists were keen to choose new
healthy products. Further research is required to improve the
product quality such as decreasing hardness or improving adhe-
siveness of olive oil product by changing processing condition or
with partial replacement.
4. Conclusion
Saturated fat content of traditional halwa was reduced by
replacing ghee with healthy vegetable oils, and this modiﬁed
halwa had acceptable sensory qualities. Most of the instrumen-
tal textural properties of the olive oil and sunﬂower oil halwa
samples were similar to the ghee halwa. But the olive oil halwa
was harder and less adhesive than ghee halwa. Although many
sensory attributes of olive oil halwa had the lowest scores com-
pared to other products, their preference changed when the
product information was revealed to the panelists. About
80% of panelists were ready to accept the non-ghee halwa with
respect to the method of preparation or some product
improvements in future. The shelf life study must be conducted
for the modiﬁed products as unsaturated fats are unstable at
long term storage while comparing to saturated fats. There
are ample opportunities to modify and improve many popular
traditional foods with healthy vegetable oils, and educate the
people about their health beneﬁts.
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